In the United Kingdom sudden infant death syndrome (SIDS) is the primary cause of postperinatal mortality in the first year of life. The incidence of SIDS generally is between two and three per 1000 live births, amounting to over 1400 cases in England and Wales in 1988.' Recent figures indicate a drop in those deaths registered as SIDS to 1079 in 1990. ' Diagnosis is made by excluding other causes of death when a detailed necropsy has failed to identify or implicate any anatomical, histological, or microbial causes. 2 The syndrome comprises several features: (i) the number of deaths attributable to SIDS rises from birth to a peak at two or three months, then falls rapidly, and is rare after the first year of life; (ii) the incidence peaks in winter and most deaths occur in the sleeping hours between midnight and 6.00 am"5; (iii) viral infections of the upper respiratory tract predispose to SIDS. 6 Theories about sudden death in infancy have been reviewed.57 Possible causes include overwhelming intestinal infections which have been attributed to at least a proportion ofcot deaths. 8 Infection with respiratory syncytial virus, particular!y in infants aged over three months, has been also been suggested as a "precipitating factor" of sudden death. 6 Infection, however, may only be one of several contributing factors in SIDS. Anaphylaxis and apnoea are possible consequences of infection. Bacon and others have proposed that the combination of excessive wrapping and mild infection could produce potentially fatal heat stroke in infants.9 More recently, overheating and the prone sleeping position have been shown to be independently associated with an increased risk of SIDS. 10 Although specific toxigenic bacteria, such as Clostridium botulinum or Escherichia coli, have been reported in SIDS,5 ' ' " it has only recently been suggested that SIDS may be caused by an overwhelming toxaemia produced by bacteria which are normal members of the infant's microbial flora. '3 Many of the bacteria found in the respiratory tract such as staphylococci, streptococci, and Gram negative bacilli produce potentially lethal toxins. These bacterial toxins, absorbed from the upper respiratory tract, may specifically be a cause of SIDS."3 The common bacterial toxin hypothesis assumes that the toxins produced by bacteria of the normal microbial flora are common. The infant is protected from the fatal action ofthese toxins in the early weeks of life by maternal immunoglobulins but then becomes increasingly susceptible until its own immunity is fully established. Because the toxins are common, infants normally become colonised early in life and develop immunity to them. If, however, the first exposure to a particular toxingenic bacterium were to coincide with a viral infection in a hypoimmune infant then the resulting excessive bacterial growth and toxin production in the nasopharynx could lead to sudden death. The hypothesis closely predicts the characteristic unimodal age incidence curve of SIDS and is consistent with the epidemiological evidence. '3 Comparison ofthe nasopharyngeal microbial flora in babies who have died of SIDS and matched healthy infants has shown significantly higher isolation rates of streptococci and enterobacteria from the SIDS cases.'4 These results indicate that the nasopharyngeal microbial flora is disordered in SIDS.
Methods
The subjects of this study were babies aged between one week and one year who had died suddenly and unexpectedly. The dead infants were examined at necropsy either at St Mary's Hospital, Manchester, or at Lancaster Moor Hospital, Lancaster. A medical history was obtained and a detailed necropsy performed with careful macroscopic dissection and histological examination ofthe tissues. Cases were excluded from the study if antibiotics had been given the week before death or if a definite cause ofdeath was identified. Samples ofblood, lung, spleen and cerebrospinal fluid were also cultured to exclude invasive bacterial infection. Nasopharyngeal secretions were sampled by pernasal swabs before necropsy and as soon as possible after death. In most cases this was carried out within a few hours of discovery of death; if delay was unavoidable the body was refrigerated."4
The matched healthy infants were part of an existing prospective study of the normal nasopharyngeal flora in infants aged two weeks to six months.'4 All were healthy infants attending well-baby clinics, who had been born at term, were gaining weight normally, were free of known disease and had no clinical evidence of a recent viral infection. Care was taken to ensure that the posterior nasopharynx was sampled and the swabs were investigated in the same way as those from babies who had died of SIDS. '4 Pairs of SIDS babies and normal infants were matched for age (by month), sex, and sampling time (by month). Where These isolates were screened for lethal toxin production using a chick enbryo assay system.'6 17 The method used for crude toxin preparation is based on that described by Hallander . '8 The isolates were grown on blood agar or on chocolate agar (if essential) which had been overlaid with dialysis membrane. After overnight growth the supra-membrane bacterial growth and extracellular products, including putative toxins, were washed off using distilled Hanks's Balanced Salt Solution (HBSS), (Sigma; Poole, Dorset). The bulk of the bacterial cells were then removed by centrifugation and the supernatant fluid was sterilised by filtration through a 0-2 gm pore membrane filter (Gelman Sciences). For parity between different strains, the filter sterilised crude toxin preparation was diluted with HBSS to a concentration equivalent to a notional absorbance (at A 585 mm) of the original bacterial suspension-50. This concentration was chosen in the light of earlier studies on toxigenicity in germ free rats. '9 The technique of intravenous inoculation of 11 day old chick embryos has been described by Eichhorn.20 Each egg was injected intravenously with 100 p1 of sterile crude toxin preparation, or alternatively HBSS as a toxin free negative control solution. After incubation at 38°C, usually of 18 hours' duration, eggs were re-examined by candling and embryo survival recorded. Samples of blood from the dead embryos were taken and cultured overnight on blood agar aerobically at 37°C to ensure that death had not resulted from microbial infection. Two separate toxin preparations were tested for each bacterial isolate, using a minimum of 10 eggs. ENDOTOXIN 
ASSAYS
Concentrations of endotoxin in toxin preparations were measured by the chromogenic modification of the Limulus amoebocyte assay using the Coatest endotoxin kit (Kabi Diagnostica, Kabi Vitrum Ltd., Uxbridge, England). Table 1 shows the matching of SIDS cases with healthy infants. Obviously, potential pairs of infants were excluded if matching was poor. Of the pairs matched by age, 36% were matched to the same week, 59% to within one week. All but two pairs could be age matched to within two weeks. All pairs were sampled in the matching month ofyear and with a single exception it was possible to match the sex of infant. The microbial species isolated from the 22 
Results

TOXIGENIC ISOLATES AND SIDS
The observed number toxigenic isolates found in samples from SIDS cases was compared with the number expected using the method indicated by Breslow and Day.4 The isolates from each SIDS case and its matched control were treated as a separate group. The expected number of toxigenic isolates from the SIDS case is calculated given the numbers of isolates in the SIDS case and the control, and the total number of lethal isolates in both the SIDS case and its control. Using the same approach, the variance in the number of toxigenic isolates in the SIDS case can be calculated. The mean and variance of the total number of toxigenic isolates in all SIDS cases in the sample is calculated by summing the means and variances over all the SIDS cases in the sample.
Summing over all the SIDS cases, the total number of toxigenic isolates observed was 19. The expected total number was 16-47 and the variance of the total number was 5X73 on the null hypothesis of no difference in the prevalence of toxigenic isolates between SIDS cases and controls. In the above circumstances it is reasonable to assume that the total number of toxigenic isolates will more or less follow a normal distribution.
Because z = (19 -16.47)/15.73 = 1-057, this corresponds to a probability of p = 0-15, using a one-sided test; ifa continuity correction were used the corresponding probability would be even larger. This approach is equivalent to that using the x2 distribution with one degree of freedom.4 Hence it cannot be concluded that the proportion of toxigenic isolates out of all isolates is significantly higher in SIDS cases compared with controls.
ENDOTOXIN CONCENTRATIONS AND COT DEATHS
Endotoxin concentrations in crude toxin preparations from SIDS cases and from normal infants were compared separately for Gram positive and Gram negative organisms. For Gram positive organisms the difference was not significant (p = 0 67) using Student's t test (t = 0 43, df = 66). For Gram negative organisms the difference in endotoxin concentrations was not significant (p = 0 42), using Student's t test, t = -0-82, df = 31. Both the above tests are two sided (table 3) .
When the results from SIDS cases and controls were combined it was clear that endotoxin concentrations for Gram negative organisms were significantly different The above calculations and those of Spearman's correlation coefficient below were carried out using the SPSS-X package of programs.
ENDOTOXIN CONCENTRATIONS AND LETHALITY
The correlation between endotoxin concentrations and the lethality of the samples in the chick embryo test system was investigated (figure). For Gram positive organisms, the Spearman correlation coefficient between endotoxin concentration and proportion of chick embryos killed was r, = -0-048, p = 0 70. For Gram negative organisms, the Spearman correlation coefficient was r,= -0-173, p = 0 34. The two probabilities above are from two sided tests. In both types of organisms there was no evidence of a correlation between the endotoxin concentration and the lethality of the sample.
Discussion
One problem which besets all who investigate SIDS is the lack of matched necropsy controls. This arises because so few infants die during the first year of life without infection playing a part. Our "control" group was, in reality, a group of matched healthy infants.'4 This represents, as in other studies, a concession to expedience. The matching itself is close but not exact; perfection would require same day matching, but this would be neither feasible nor necessary. No study suggests SIDS is that closely related to age.
In choosing the chick embryo as the bioassay system, it was appreciated that toxicity is a function of the test system used. For example, germ free rats used in our earlier work"9 are peculiarly resistant to endotoxin, whereas the chick embryo test system is much more sensitive. Different tissue culture systems display differing sensitivities to specific toxins and also fail to detect effects on whole biological systems as opposed to effects on specific cell types. The relative failure of S aureus to prove toxigenic in our hands is paralleled by the finding"9 that TSST-1 at concentrations as high as 100 ug/ml has no effect on chick embryos. In fact, this toxin is highly potent, even in adults, and must be considered a candidate toxin to be implicated in SIDS by the common bacterial hypothesis.
Some of the S aureus isolates tested for lethal toxigenicity in this study have 
